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Ie, INTRODUCTION 


This report presents calculations based on the AFCRL line-data 
tape[1] at 115 lines of the CO laser. Svecifically, the lines studied 
are: (a) 5-4 J = 1 to 20; (b) 4-3 J = 1 to 25; (c) 3-2 J = 1 to 25; 
(d) 2-1 J=1 to 25; and (e) 1-0 J = 6 to J = 25. 


The laser frequencies were computed from molecular constants given 
by Rao et. al.[2]. 


The atmospheric model was the AFCRL mid-latitude summer model[3] 
which is given in Table I. 


The method of calculation has been described in detail in a recent 
report(4]. The only difference is that for this work both a Lorentz 
and a super-Lorentz line Shape were used in the calculation of the 
water vapor absorption coefficients. The particular form of this line 
Shape has heen described in an earlier report[5] and is based upon 
comparison with experimental absorption coefficients obtained with a 
CO laser which operated on the higher vibrational bands[6]. 


The AFCRL data tape includes data on absorption lines of seven 
gases (H20, COs, CO, 03, H20, CHa, and 02) but in the wavelength band 
of interest here, only CO, C02, and H20 cause significant absorption. 
Ozone in sea level concentration can Cause an absorption coefficient 
of 0.003 km! at some of the frequencies studied but this is insigrifi- 
cant in comparison with the water vapor absorption. 


Hence only CO, C02, and H20 absorption coefficients were included 
in the tabulations. No water vapor continuum absorption coefficient 
has as yet been identified for this region. 


The lowest pressure used was 365 torr corresponding to an altitude 
of 6 km. At this pressure it is not necessary to use a Voigt line 
shape[1]. 


II. TABULATED RESULTS 


The results are presented in Tables II-VI and IX-XVIII and are 
largely self-explanatory. The coefficients are in km-l, Water vapor 
coefficients and total coefficients have been given for both the 
Lorentz and super-Lorentz line shapes. Thus the reader may see the 
magnitude of the change introduced by the altered line Shape and may 
choose to use either result. Based on experimental work to date at 
Ohio State University, we believe that for this wavelength region the 
enhanced wing **ne shape for water vapor gives a calculated result 
which will bu. better agreement with experimental measurement than 
that obtained using the Lorentz Shape. Calculations have been in- 


cluded for horizontal paths at three altitudes: sea level, 3 km, and 
6 km. 


One way to examine the results is to compare them with the 
absorptiun coefficient for the P(20) C02 laser line for the same 
atmospheric condition. The 10.594 C02 absorption coefficient for the 
sumer sea level model is approximately 0.3 km-!, ASsuming that the 
calculations using the super-Lorentz line Shape most nearly represent 
true values, one can list the CO laser lines which have a predicted 
coefficient which is lower than 0.3 km-!. The 17 co lines which satisfy 
this condition are listed in Table VII. 


Recent work by Dr. John Daiber at Calspan Inc. with electrically 
excited supersonic CO lasers has shown that it is possible to achieve 
significant power output at high efficiency on certain lines of the 
5-4, 4-3, 3-2, ara 2-1 CO bands[7]. These lines are listed in Table 
VIII together with the sea level C02 and H20 absorption coefficients 
from Tables I] through V. It is seen thet COs absorption is Significant 
for only one line (2-1 10). Also by comparing Tables VII and VIII it 
is seen that five of the lines obtained in the Calspan laser are among 
the best CO lines in the group of 115 studied. For completeness it 
should be said that the 2-] lines have not yet been observed in actual 
devices at Calspan but, based on calculations, they are expected in 
the next generation of lasers now under construction. Uf course the 
absorption coefficients for all ‘ines are much less for the nigher 
altitude paths as can be seer, from an examination of Tables IX-XVIII,. 


A recent experimental Study of CO laser absorption by Ho0[8] 
found that the lowest absorption occurred for the 5-4 15 line and had a 
measured value of 0.66 km-! for a laboratory condition which approx: - 
mated the mid-latitude summer sea level model. The calculated result 
from Table II is 0.437 km-! even with the super-Lorentz line shape. 
Using the 0.437 km-l condition there are 30 lines in Tables II-VI which 
have a coefficient lower than 0.437 km-!_and an additional 19 lines 
having a coefficient lower than 0.66 km-!, 


W. Q. Jeffers et. al.[8,9] have reported a cw 0/CS> CO chemical 
laser using N20 as a diluent wiich has more than 50 percent of its 
output in the 6-5 to 2-1 vibrational bands. More recent re. ults[10] 
indicate that it is possible to achieve operation on any lines from 
J = 2 to J = 25 of the 2-1 and higher bands. 


Thus it appears that it may be possible to achieve efficient 
laser operation on lines which have low atmospheric absorption 
coefficients. Further work on both devices and propagation seems 
indicated. 


III. SPECTRAL PLOTS i 
Sixty-nine spectral Plots have been made for the 1970-2115 cm7! 

range which includes all but seven of the lines in Tables II-VI. The 

approximate frequency of each of the laser lines is noted on the plots. 
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Separate plots are given for water vapor, carbon dioxide and carbon 
monoxide absorbers, and for a composite of the three. All of the plots 
assume sea level pressure and 294 °K temperature. A Lorentz line shape 
Was used throughout. 


Figures 1-16 are for water vapor. A path length of one km and 
water vapor pressures of 1.5 to 10 torr were uscd, with the absorber 
concentration selected for an on-scale plot in each wavenumber region. 


Figures 17-34 are tor C02 absorber. Partial pressures of 0.27 
to 10. torr were used so that the absorption lines would be clearly 
visible in each reyion. 


Figures 35-50 are for CO absorber and partial pressures of 1074 
to 1.0 terr. One can observe the coiicidence of 1-0 band laser lines 
with atmospheric CO absorption lines in this region. 


Figures ©, §9 are plots for a composite atmosphere consisting of 
CO, HoC, and C09 absorbers at the sea level concentrations given in 
Table I. A one kilometer path was assumed. 


IV. CONCLUSIONS 


Sufficient tabulated and plotted data has been presented to enable 
evaluation of practical applications employing the low vibrational 
CO laser. The plots should also be useful in planning high resolution 
Spectroscopic studies using either conventional techniques or 
tunable lasers. An experimental investigation is underway to measure 
some of the coefficients using a one km laboratory absorption cell 
and a tunable laser diode source. 
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TABLE I 


Parameters of the AFCRL Mid- Latitude Summer 
Model for Three Altitudes 


Temperature 
(°K) 


Pressure (torr) | 759.8 | 532. 5 365. om 


Pu. 


PCO, (torr) 


Peo (torr) esos 2. 748-5 
P90 (torr) 2.13E-4 1.49E-4 1.02E-4 
PcHg (torr) 1.216E-3 


P03 (torr) 2.31E-5 
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